Abstract-The present paper aims at monitoring the behavior of the high density polyethylene pipe when pressed by an external force in order to shut it off so that the natural gas can no longer pass through the distribution pipelines. The behavior of the polyethylene pipe will be observed by means of fast shutter cameras, and the mechanical tests will be conducted by using the squeeze-off tool.
INTRODUCTION
The high density polyethylene pipes are extensively used lately, so inferentially various problems arise due to this great usage. There are several advantages in using the polyethylene pipe compared to steel pipe, namely:
-the possibility to be joined by welding at low temperatures (compared with the high temperatures required for steel), by means of simple technology, as well as by mechanically assembled fittings, as appropriate; -the possibility of combining the polyethylene networks with the already existing steel networks or with the existing fixtures; -increasing the speed of installing the networks involves lower execution costs; -the variety of dyes allows precise marking and identification; -the array of sizes of the fittings covers approximately 32,000 units; -the high corrosion resistance, which leads to the elimination of the need for cathodic protection, a very important advantage for the natural gas distribution networks since the aggressiveness of the soil in urban areas is considerably higher than outside the settlements; -the possibility of using very long pipes, by delivering them in coiled form; -good chemical resistance to the gas components;
-it protects the natural environment, due to its feature as recyclable material.
The issue undergoing analysis in this paper is related to the behavior of the PE100 polyethylene pipe at the moment when it is shut in order to achieve under pressure couplings, what happens to the polyethylene pipe after removing the squeezeoff tool and what is its tendency to recover its initial form, namely its original diameter. There are situations in every day practice when the couplings to the natural gas distribution pipes are done under pressure (on the free end of the pipe or through multiple squeeze-off tools) being required to use different size squeezeoff tools (Figure 2 ).
The adjustment of this squeeze-off tool is done by means of a knob which selects the diameter and the thickness of the pipe.
The problem which occurs in such cases is related to the radial compression of the polyethylene pipes and to the behavior of the material, therefore we shall monitor the area of the pipe which was mechanically squeezed-off.
III. PRESENTATION OF THE TESTING METHOD. RADIAL COMPRESSION TESTING OF THE POLYETHYLENE PIPES
In order to determine the crushing resistance of the polyethylene pipes used in natural gas transmission, experimental tests were conducted on a tensile, compression and buckling testing machine, Instron 5587, and the samples were cut into 250 mm sections from pipes of different diameters. These tests were performed in order to determine the deformation of such a sample, to determine the elastic recovery as well as to determine the strains and stresses occurring in such structures. For these experimental measurements, in addition to the Instron machine software, an optical method was used which employs an Aramis 2M type equipment. [3] The experimental study was conducted on pipes of the dimension Φ63 x 5.8 and material (PE100). A pipe's flexural rigidity, according to ASTM D 2412, can be calculated with the following relation:
where: SN is the flexural rigidity, E is the elastic modulus of the pipe's material (E=1.2 GPa for a PE100 pipe); I is the moment of inertia of the cross section, calculated with the relation I = t 3 /12, where t is the pipe's thickness; D is the pipe's median diameter. [1] By using the relation (1), for the pipes studied in this paper, the values listed in table 1 were obtained for the flexural rigidity. For the studied samples, parts approximately 250 mm long were used, which were subjected to radial compression force (Figure 3 ).
For the optical data acquisition by means of the Aramis 2M system, before being subjected to compression, the pipe sections were covered in a fast drying adherent matte white paint.
A. [1] B. [3] FIGURE III. FASTENING THE PIPE IN THE UNIVERSAL TESTING MACHINE Then, a graphite spray was used on the areas exposed to the image capturing system. Polyethylene pipes were subjected to compression with a maximum force of 7,500 N, the upload speed being 10 mm/min, achieving at the same time both the acquisition of data on the deformation of the pipe through the Aramis 2M system and of data on its behavior under compression by means of the Instron 5587 machine software. Figure 4 shows the entire assembly used for the experimental determinations: universal testing machine Instron 5587 (1), polyethylene pipe (2), high-speed video cameras (3), computer for data acquisition (4).
FIGURE IV. EQUIPMENT FOR TESTING POLYETHYLENE PIPES
The following figures contain the characteristic forcestrain curves for the 63 mm diameter and PE 100 material. The sequent figure shows the variation mode of the maximal strain (corresponding to the maximum force of 7,500 N) depending on the pipe's diameter and material (PE80 and PE100)
FIGURE V. EXPERIMENTAL CURVES FORCE-STRAIN FOR THE PIPE
Φ 63 X 5.8
IV. RESULTS OF THE TESTS
The following measurements were determined by using the software of the Aramis 2M equipment: strains (displacements of the points on the pipe's profile) on the three directions (x, y, z), the total strain (e), the principal strain ( 1 ), the Tresca equivalent strain ( T ), the VonMises equivalent strain ( VM ), the relative thinning (). The values of these measurements are listed in the table below.
TABLE II. VALUES OF THE MEASUREMENTS DETERMINED BY MEANS OF ARAMIS 2M EQUIPMENT
The results obtained by using the Aramis 2M optic system, for the PE100 polyethylene pipe of 63 mm diameter and 5.8 mm thickness, are shown below. It can be seen from the experimental results, both from the data provided by the software of the universal testing machine and from those obtained by using the optical acquisition system of (Aramis 2M) that for both materials (PE80 and PE100) at the same maximum compression force (7,500 N) the smallest strain is obtained in pipes with a 63 mm diameter and 5.8 mm thickness. We also notice that the strains decrease in the PE100 pipes by approximately 17 ... 18% in the case of pipes with 32 mm and 63 mm diameters and by approximately 88% for the 90 mm diameter pipe. The same trend is observed for the strains in the direction of force application (Oy) determined by means of the optical system Aramis, being lower for PE100 pipes by approximately 24% for pipes with a 32 mm diameter, approximately 13% for 63 mm diameter pipes, and approximately 65% in the case of the 90 mm diameter pipe.
V. CONCLUSIONS The limitations of these experiments are related to the fact that only one testing was conducted for each pipe dimension, which can lead to an alteration of the results. However, the advantage of the method used is that we can also measure the relative thinning of the tested pipes, which is very important in terms of safety in the operation of these pipes, considering the fact that they are used in the natural gas transmission.
The values of the strains are relatively high, but the elastic characteristics of the material allow the occurrence of these values.
We must mention that the squeeze-off tools should be compulsory fitted with appropriate system for adjusting the pipe thickness that varies for each pipe diameter.
The pipe chosen for analysis, 63 mm in diameter, is often used in practice and the method to shut it off is frequently used in under pressure couplings in the natural gas distribution systems.
